If many gene loci are kept in a segregating state by natural selection, the equilibrium frequencies of the genotypes in the population may be a function of the amount of recombination among the genes. It is shown that if the equilibrium vector of gametic frequencies is a continuous function of the set of recombination frequencies among genes, then the mean fitness of the population at equilibrium is a maximum in the absence of recombination. Thus, in general, restriction of recombination increases fitness.
It was long ago suggested by Fisher (1, 2) that if two genes control a polymorphism segregating in a population, any mechanism reducing the recombination between them will be favored by natural selection. An alternative formulation of this principle is that the mean fitness of a polymorphic population is increased by a decrease in the frequency of recombination. Fisher did not offer any general proof of this assertion and at least one author (3) has asserted that it is not always true. Nevertheless, all recent work on the theory of linkage and selection in which specific simplified models of two-gene systems have been treated exactly (4-7), or in which more complex models have been treated by numerical methods (8, 9) , have confirmed Fisher's conjecture. That is, a population held in a stable polymorphic equilibrium by natural selection has a mean fitness at equilibrium that generally increases with tighter linkage. This observation leads to the problem posed by Fisher and Put somewhat less formally, these propositions say that a population can never have a higher fitness at equilibrium when there is some recombination than when there is no recombination (i); that if a population is at some equilibrium with no recombination, its fitness will always be decreased by a slight loosening of the linkage (ii); and that if the equilibrium at which the population finds itself, in the absence of recombination, contains all the gametic types, then its fitness will be decreased by any amount of recombination, large or small.
Assume a population with n gene loci, each with a alleles (it is unnecessary but notationally convenient to make a the same for all loci). Then, a population segregating at these loci will contain G = a' gametic types, each with frequency G gi. Since E gs = 1, and 0 < gj < 1 the population can be dei=l scribed by a vector of G-1 components, which can be represented geometrically as a point in a G-1 dimensional hypertetrahedron whose edges are of unit length. To each diploid genotype ij, we will assign the constant fitness value, Wij.
Then, if the population is random mating, the mean fitness T for any composition is given by the quadratic form Fig. 1 illustrates the various possibilities. Although for two loci, G = 4, so that we would need a three-dimensional tetrahedron, the points to be made can be illustrated with the simple case of G = 3 shown by the triangles in Fig. 1 . The W function is shown as equi-potential lines. In Fig. 1A and 1B, W has a maximum inside and outside the triangle. In Fig. 1C  and iD Case 1A corresponds to a single maximum strictly inside the triangle so that all types are present. Any loosening of recombination will either leave the equilibrium unaffected or move it off the (maximum) point that is the only maximum. Moreover, an inspection of the other figures shows that none provide a maximum strictly inside the triangle. Thus assertion iii is demonstrated.
In case 1B there is a single maximum on the boundary. This follows from the fact that the W function with a maximum is convex. Again any movement of the equilibrium away from the dot represents a decrease in fitness. This case shows that an even more general, but less useful, form of assertion iii holds. If the W function has a maximum at its stationary point, then there is only a single equilibrium with no recombination, and that equilibrium is at the global maximum of fitness in the tetrahedron.
In 1C and iD, W is concave and the corners are the stable points. Here, a perturbation away from these corner equilibria will result in a fitness decrease, if that perturbation is small. A large increase in recombination, however, might move the equilibrium from the domain of one of the maxima into the domain of another. This is illustrated by the dashed line, which is the trajectory of [9] with increasing recombination. With sufficiently large recombination, the point [a]* may actually lie at a higher value of W than the corner at which it originally lay. A similar phenomenon is seen in the minimax cases 2E and 2F. Thus, the weaker assertion ii is all that is possible when more than one equilibrium exists with no recombination.
The assertion that fitness is maximized when [RI = 0 is restricted in two ways. First, [# I is only sectionally continuous in [RI. In certain regions of the [RI space, a small change in recombination values will cause the stable point to vanish, becoming an unstable point, or leaving no trace. If that happens, the population must be captured by a different stable point, belonging to another system in the space, and this system may have a higher value of F than the previous one. A case of this kind for two loci was given by Lewontin (6) and was thoroughly explored by Ewens (13) , who showed that as R increased from zero, the location of [a] moved from an edge of the tetrahedron continuously into the interior up to a critical value, whereupon the singularity disappeared and the only stable points are at the corners. As R is yet further increased, a stable point again appears in the interior and [g] is again sectionally continuous in R over a small region; then, as R is further increased, this stable point again disappears to be replaced by a new equilibrium point that is insensitive to further increase in R. Over this sequence of changes W starts at the global maximum, decreases continuously until the first discontinuity, where it jumps back up to a value somewhat less than the global maximum, then jumps to a much lower value and decreases thereafter.
Second, the principle, unfortunately, cannot be taken to read that W is a monotone decreasing function of [R] of recombination values so that the "intensity" of linkage as a whole could be measured in a variety of ways. We might ask whether`T is monotone decreasing with the norm, IRI or with total map length between the most distant genes, or more simply still, whether R/Mi < 0 everywhere that it exists. While I have proved this last statement in the neighborhood of [RI =-0, it is by no means certain that it holds everywhere. It might be that the trajectory of [id] with changing [RI is such that the vector is not always carried downward on the W surface as recombination increases by one criterion or another.
Thus, we are left with the problem "Why does the genome not congeal?" The answer does not lie in some general maximization of fitness by intermediate recombination levels. Presumably it must be sought in some more general longterm advantage of recombination for adaptation to a varying environment, or else to some mechanical necessity of recombination for the orderly distribution of chromosomes, as suggested by Darlington (12) .
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